Introduction
The yellow fever mosquito Aedes aegypti remains one of the most intensively studied insects -which is largely a consequence of its direct role as vector for a variety of human pathogens -as well as being an excellent laboratory model for investigating the genetics of vector/pathogen interactions. The first detailed DNA marker-based genetic map for Ae. aegypti was constructed using restriction fragment length polymorphism, or RFLP markers (Severson et al., 1993) . This map consisted of 50 DNA markers that identified 53 RFLP loci across the three linkage groups. Most of these RFLP markers were random cDNA clones or cDNAs of known genes. This map also included several morphological mutant marker loci that allowed its partial integration with an existing genetic map based on meiotic recombination among isozyme and morphological mutant marker loci (Munstermann & Craig, 1979) . These and additional RFLP markers have since been applied toward the identification of quantitative trait loci (QTL), influencing Ae. aegypti competence to vector the malarial parasite, Plasmodium gallinaceum (Severson et al., 1995a) , and the lymphatic filarioid nematode parasite, Brugia malayi (Beerntsen et al., 1995; Severson et al., 1994a) . More recently, Fulton et al. (2001) have employed single strand conformation polymorphism (SSCP) analysis to identify single nucleotide polymorphisms (SNP) in cDNA sequences among segregating populations of Ae. aegypti and map them genetically. Finally, because Ae. aegypti cDNA sequences are highly conserved across mosquito species (Severson et al., 1994b) , they have been used to construct comparative RFLP linkage maps for several culicine species, including Aedes albopictus (Severson et al., 1995b) , Armigeres subalbatus (Ferdig et al., 1998) , Culex pipiens (Mori et al., 1999) , Culex tritaeniorhynchus (Mori et al., 2001) and Ochlerotatus (formerly Aedes) triseriatus (Anderson et al., 2001) .
Because of its importance as a disease vector, Ae. aegypti is a good candidate for a systematic genome sequencing project (Knudson et al., 2002) . Success in sequencing the Drosophila melanogaster genome demonstrated the feasibility of such projects, but also illustrated that while sequencing technology has advanced rapidly, genome projects involving large genomes remain dependent on the availability of a physical scaffold for global assembly (Adams et al., 2000) . Integration of the Ae. aegypti genetic and physical maps using fluorescent in situ hybridization (FISH) technology represents an important step towards defining the basic genome architecture in terms of putative euchromatic and heterochromatic regions (Brown et al., 2001) . To date, however, only a small number of the genetically mapped RFLP markers have been reported as physical landmark sequences (Severson & Zhang, 1996) . Here we report an updated linkage map for Ae. aegypti, based largely on RFLP markers, but also including a small number of SNP and SSCP markers, and present an inventory of sequence information for the associated cDNA and genomic clones as expressed sequence tags (EST) and sequence tagged sites (STS), respectively.
Putative identities for our random ESTs, based on BLAST analysis, are included.
Results and discussion
The composite linkage map for Ae. aegypti consists of 146 marker loci distributed across 205 cM (Fig. 1) . The map also includes the Sex determination (Sex) locus on linkage group (LG) I and 5 morphological mutant marker loci, red eye (re) and bronze (bz) on LG I, Silver mesonotum (Si) and spot abdomen (s) on LG II, and black tarsus (blt ) on LG III (see Munstermann & Craig, 1979 Table 2 . continued linked markers have not been compared directly within the same segregating population, and as such, some local misplacements are anticipated. Care was taken during the JOINMAP assembly to confirm that known linear orders were maintained. The data for most markers were completely informative, although for a small group (LF99b, LF101, LF150, LF179, LF231 and AeW ) the data were only partially informative and their map positions are therefore likely to be tentative. Most of the markers were derived from random cDNAs, although a fair number (45) were derived from known genes of diverse function (Tables 1 and 2) . We were also able to successfully directly use four Drosophila melanogaster cDNA clones as probes to Ae. aegypti DNA, and subsequently, to map their position. These clones were included, as they hybridized to Southern blots of Ae. aegypti DNA under high stringency conditions, indicating that they recognized the Ae. aegypti orthologue of the D. melanogaster gene. A relatively small number (16) of the markers were derived from random genomic DNAs, including several cloned RAPD-PCR fragments (Table 3 ). The marker distribution across the three linkage groups reflects an average map distance of 70.6, 70.2 and 64.2 cM for LG I, II and III, respectively. It is of interest that the largest linkage group (LG I) is physically the smallest chromosome (McDonald & Rai, 1970; Brown et al., 2001) .
Sequence data have been obtained and were submitted to the GENBANK EST database for all mapped random cDNA clones and to the GSS database for all mapped random genomic clones. Most of the cDNA clones had high BLASTX sequence identities to known genes; only 16 (19.8%) had no matches in the public databases (Tables 1  and 2 ). Not surprisingly, most best matches were to genes from Drosophila melanogaster, including three clones with relatively weak matches to gene products of unknown function. A small number of the clones had high sequence identities to previously described mosquito genes, including both Aedes and Anopheles spp. This largely reflects the general lack of mosquito sequences in the public databases. Many of the random cDNA clones (n = 28) had a high sequence identity to various ribosomal proteins. The remainder are genes involved in a variety of general cell activities.
Our composite linkage map seems to provide a dense coverage of the euchromatic regions of the Ae. aegypti genome (Brown et al., 2001) . Apparently, few genes are located in the centromeric regions of each chromosome and little recombination occurs across them. Given the present density of genetic markers across all three chromosomes, it also seems likely that few, if any, genes are located on the distal portion of the q-arm of chromosome III. It is also of interest that all the genomic DNA sequences that we and others (Bosio et al., 2000; Fulton et al., 2001) have mapped are interspersed within the euchromatic regions of the genome.
Our results indicate that the Scr gene is located on the q-arm of chromosome I (Fig. 1) , and is apparently separated from genes on the p-arm by an extensive heterochromatic region (Brown et al., 2001) . Because independent studies by Fulton et al. (2001) also placed the AbdA gene in the same general genome location, it seems likely that Hox gene members of the Antennapedia complex and Bithorax complex are clustered in this region. The available data is insufficient to determine whether the Hox gene cluster is tightly organized in a single cluster as was recently reported for the mosquito, Anopheles gambiae, or if they are split into two widely separated but linked groups, as in D. melanogaster (Devenport et al., 2000; Powers et al., 2000) .
Success in the positional cloning of genes that influence complex phenotypes of interest in Ae. aegypti will depend heavily on our abilities to develop PCR-based genetic markers. That is, only a limited number of Southern blotbased RFLP markers can be evaluated for individual mosquitoes. The development of microsatellite markers has proven difficult for Ae. aegypti (Fagerberg et al., 2001) , indicating that alternative marker systems must be developed. The successful use of SSCP analysis for the detection of SNPs demonstrates that these polymorphisms are abundant and useful for Ae. aegypti (Bosio et al., 2000; Fulton et al., 2001) . Access to EST and STS sequence data for our RFLP markers will facilitate their development as SNP-based markers. Indeed, we have screened 32 cDNA sequences and determined that 24 (75%) contained at least one SNP within the regions compared in laboratory strain mosquitoes, and are successfully developing them as genetic markers (Meece et al., unpublished data) . Because SNPs are highly abundant, and can be adapted for high-throughput analysis, it seems clear that they will become the genetic marker of choice for most organisms, including Ae. aegypti (Landegren et al., 1998; Brookes, 1999) . II  BH614629  a12  III  BH214530  a14  III  BH214531  ARC2  I  BH214538  ARC3  I  BH214542  ARC4  II  BH214543  A6M580  I  BH214540  A13L975  II  BH214533  B8L260  I  BH214532  B8L720  II  BH214539  B8M980  II  BH214534  D6L500  I  BH214541  D6L600  II  BH214535  F15L410  II  BH214536  F17M590  II  BH214537  RT6 I BH214544
Experimental procedures

Sources of clones and linkage analysis
The clones reported in this study were obtained from a wide variety of sources, including a previously described random cDNA library (Severson et al., 1993) , cDNAs for known genes from Ae. aegypti and D. melanogaster isolated in our laboratory or received as gifts from other investigators or via PCR from genomic DNA using GENBANK sequence data, genomic clones generated by targeted marker development , and random genomic clones serendipitously obtained in our laboratory. Map positions for some clones have been reported previously (Beerntsen et al., 1995; Grossman et al., 1997; Severson et al., 1993 Severson et al., , 1994a Severson et al., , 1995a Severson et al., , 1997 Severson et al., , 1999 ), but have not been collectively integrated. RFLP analysis on individual segregating populations from a variety of independent crosses was performed using our standard protocol (Severson, 1997) . Twenty-one crosses provided two-point linkage estimates for markers on chromosomes I and III, while 31 crosses provided two-point linkage estimates for markers on chromosome II. The cDNA sequences for SSCP analysis were selected from Fulton et al. (2001) and the SSCP analysis followed Bosio et al. (2000) . To identify informative SNP loci, a target sequence was amplified from genomic DNA from each parent of a segregating population, and subjected to direct cycle sequencing (see below). Thereafter, SNP analysis followed the McSNP protocol (Akey et al., 2001) . McSNP products from individual segregants were visualized and scored used a gel-free system (Hybaid DASH System) that identifies alleles based on melting temperature calculations of the PCR products directly in 96-well microplates. A composite linkage map was assembled based on all our previously reported mapping efforts, as well as on unpublished data using the JOINMAP computer program (Stam, 1993) . The JOINMAP output files containing all composite two-point recombination frequencies and associated standard errors are available by request (contact D.W. Severson). The linkage map was drawn using the DRAWMAP computer program ( van Ooijen, 1994) . Map distances are reported in Kosambi centiMorgans.
Sequence analysis and database comparisons
Recombinant plasmids were purified using the alkaline lysis technique (Sambrook et al., 1989) and subjected to cycle sequencing using the ABI Prism Big Dye Terminator kit (PE Applied Biosystems), using sequencing primers specific to the plasmid vectors. Clones from orientated libraries were sequenced from the 5′ ends, although for some clones the sequence data for 3′ ends also was obtained. DNA sequences were submitted to the BLASTX program (Altschul et al., 1997) for homology searches with the non-redundant sequence database using the default BLOSUM62 matrix and other default settings. Selected sequences were re-analysed using the gapped or the unfiltered settings. Data for the expressed sequences have been submitted to the GENBANK EST database, and data for the random genomic sequences have been submitted to the GENBANK GSS database.
